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RADIATION STUDIES ON A MAMMARY CARCINOMA
OF MICE*
JOHN H. LAWRENCE, ROBERT HORN,t AND L. C. STRONG
In the field of radiotherapy of neoplastic disease the develop-
ment of higher voltage radiation and neutrons has necessitated the
determination of their relative effects, compared with lower voltage
radiation. Clinically this important information can be gathered
only after a period of years. However, much information may be
gained by the use of animal tumors as experimental test objects. In
this paper we wish to report some observations carried out on an
animal tumor which seems ideal for the above-mentioned purposes.
Before doing so, however, a brief summary of the literature will
be given.
In 1920, Wood and Prime1' determined the lethal dose of x-ray
for two animal tumors, finding that approximately five erythema
doses delivered to Sarcoma 180 in vitro prevented growth upon sub-
sequent implantation, and that approximately four erythema doses
weresimilarly effective for a mouse mammary adenocafrcinoma (Car-
cinoma 63). Wood' later found that 180 to 195 minutes of radia-
tion were lethal for the Flexner-Jobling rat carcinoma, it being
therefore more radiosensitive than is Sarcoma 180. Subsequently'0
he determined that the lethal dose for rat Sarcoma 10 varied from
300 to 330 minutes, or, following the above standards, to be in the
neighborhood of six erythema doses. In all of this work the tumors
were irradiated in vitro. Packard' translates these figures into
lethal doses of 1950 roentgens for the Flexner-Jobling rat carcinoma
and 3240 roentgens for rat Sarcoma 10. On this basis, the lethal
dose in vitro for Sarcoma 180 would be 2600 roentgens. In 1932
Packard4 repeated Wood's work with Sarcoma 180, using 550 kilo-
volt x-rays but irradiating only 12 to 24 tumor particles with each
of only four doses. He found the lethal dose for this tumor to be
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2700 roentgens and concluded that high and lowvoltage x-rays were
equally effective.
In 1934, Sugiura,6 using 200 kilovolt x-rays in a series of well-
controlled experiments, determined the lethal dose for Sarcoma 180
to be approximately 2800 roentgens. He also observed that the
growth oftumors was retarded followingirradiation with doses equal
to or greater than 60 per cent of the lethal amount. We2 have
recently repeated these experiments with essentially confirmatory
results. Recently Sugiura7 has also repeated this work, again with
similar results and with the added conclusion that this tumor did
not change in its radiosensitivity over a period of twenty months.
Sarcoma 180 is, perhaps, the most widely used tumor in experi-
mental radiology. It has thereputation of high malignancy and the
ability to "take" in a high percentage of implantations. Sugiura,6
out of his experience with nearly 1000 normal transplants of Sar-
coma 180, statesthatin most ofhis series he got I00 per cent "takes,"
seldom less than 90 per cent, and in the complete series 99 per cent.
He further states that ultimate regression occurs in about 4 per cent
of growths. However, a much lower percentage of the animals
actually die as a result of the tumor growth. It has been the
experience of our laboratory that Sarcoma 180 "takes"-in about 90
per cent of animals, but regressions occur and many of the animals
do not die as a result of the tumor. Nevertheless, of the tumors
reported in the above papers, this particular one, Sarcoma 180,
appears to be that best suited to experimental work from the stand-
points of high percentage of "takes," low percentage of regressions,
and predictability. It has the reputation of being the best experi-
mental tumor with high growth energy. In view of the increased
interest in and importance ofthecomparative effects ofvarious quali-
ties of radiation (induding neutrons) on tumors of various types, it
seems to us important that there be established various kinds of
tumors which have uniform and predictable growth characteristics.
In these experiments the tumor used was one of the mammary
adenocarcinomas induced in male mice ofthe "A" strain by Gardner,
Smith, Allen, and Strong' followingprolonged folliculin administra-
tion. This neoplasm is histologically indistinguishable from the
spontaneous adenocarcinomas of the breast which regularly develop
in the females of this strain, as described by Williams, Silcox, and
Halpert.8 Figure I presents a photomicrograph of the tumor,
showing the tendency to gland formation. This tumor was turned
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over to us in the third transfer generation and now, after approxi-
mately two years' passage in the "A" strain, it is in the twenty-fourth
transfer generation. In making more than 1000 normal trans-
plants of this tumor in mice of the "A" strain,5 failure of the tumor
implant to "take" was noted in only four instances. In two of these
cases evidences of local infection were both visible and palpable at
the site of implantation and progressed to suppuration and slough
of the implant. In this number of normal transplants no instance
of regression was noted, and in every case in which these mice were
not killed for the purpose of passage, the tumor persisted and grew
until the death of the animal, which generally took place within six
weeks. In a series of 110 animals dying with bilaterally implanted
tumors, autopsies revealed the presence of visceral metastases in
18 per cent. Another series of 223 animals were given sub-lethally
irradiated implants (x-rays or neutrons) bilaterally. These eventu-
ally grew and caused death; and although the length of life in this
group was longer, metastases occurred in the same percentage of
cases. The short length of life after inoculation indicates that this
tumor is quite rapidly growing. Ten days after implantation the
tumors usually measure slightly less than 1 x 1 x 1 cm. On section
at this time they are firm throughout, but from this- point on, soft
necrotic centers develop. Bacteriologically the necrotic material is
sterile. As the tumors grow larger many of them develop hemor-
rhagic centers and ulcerate, but this process is less common than
in Sarcoma 180 and sloughing does not occur. We have found that
in this carcinoma we have an experimental tumor which will "take"
in practically 100 per cent of mice of this strain, will grow at a con-
stant rate, will not regress, and will continue to grow until death of
the host.
Methods
Ten experiments were carried out, each including from three to
six groups of tumor particles, one of each three to six groups serving
as a non-irradiated control group, each of the others receiving a dif-
ferent dose of radiation. Each group contained from five to twelve
mice; that is, from ten to twenty-four tumor particles were irradi-
ated with each different dosage of x-rays tested. For each experi-
ment, mice bearing implanted tumors two weeks old were killed and
their tumors removed under aseptic conditions. After removal,
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the tumor (or tumors if one proved too small to provide sufficient
material) was cut into particles averaging approximately six to eight
milligrams in weight. In the first two experiments the partides
were weighed, to provide a standard upon which to base future
approximations, thus assuring a reasonable degree of uniformity of
implant size. The particles were then divided into three to six
groups, and each group, including that destined to be the control,
was wrapped in sterile filter paper moistened with a sterile buffered
physiologic solution of pH 7.2. This again was wrapped in cel-
lophane and securely tied to prevent desiccation. Following irradi-
ation of these packages at the various doses, the tumor particles were
removed and implanted by the usual trocar method bilaterally in
the axillae of "A" strain mice. The tumorsreceiving thelargest dose
of x-ray were in every case implanted first, the controls always last.
Each experiment was so conducted that no more than three hours
elapsed between the killing of the tumor-bearing mouse and the
completion of the last control implant. At weekly intervals after
implantation the tumors were palpated, measured with calipers, and
charted in silhouette. (See Fig. 3.) All tumors in the first two
experiments were followed for 6 weeks, and those in all subsequent
ones for 8 weeks, inasmuch as it was found that with larger doses of
x-ray occasional tumors were observed to appear as late as the
seventh week. All results, both positive and negative, were verified
at autopsy.
The x-rays were produced by a 200 kv. constant potential appa-
ratus and (in addition to a tube wall which is equivalent to 0.2 mm.
Cu) were filtered with 0.2 mm. tin plus 0.25 mm. copper plus 1 mm.
aluminum plus 2 mm. celluloid. The tumor particles were placed
upon a thin celluloid platform 36 cm. from the target. At this
point approximately 66 roentgens per min. were delivered. Each
exposure was quantitated by placing alongside the tumor particles a
thimble ionization chamber from a Victoreen condenser r-meter.
Results and Discussion
The results of these experiments are set forth in the accompany-
ing table. Figure 2 represents the survival curve of the tumor,
the percentage of positive "takes" as ordinates being plotted against
the dosage of x-ray as abscissae. Each point on the curve represents
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TABLE OF RESULTS
No. Wks.
Exp. r ofIm- % behind
No. Units plants "Takes" Remarks Controls
I Controls 10 100 8 appeared 1st wk., rest 2nd. All grew
rapidly.
1750 9 100 3 appeared 1st wk., 1 2nd, 4 3rd, 2
1 4th. All but one grew rapidly.
2750 10 70 2 appeared 1st wk., 2 3rd, 3 4th. All 2Y2
grew rather slowly.
II Controls 16 100 All appeared 1st week and grew
rapidly.
2250 14 100 6 appeared 1st wk., 4 2nd, 3 3rd, 1-2
1 4th. All grew rapidly.
3250 16 75 1 appeared 1st wk., 7 3rd, 3 4th, 2Y/2
1 5th. All grew fairly rapidly.
III Controls 16 100 12 appeared 1st wk., 4 2nd. All grew
rapidly.
2140 16 94 8 appeared 1st wk., 6 2nd, 1 3rd. All 1
grew fairly rapidly.
3237 16 87.5 1 appeared 2nd wk., 7 3rd, 3 4th, 1 2
5th, 2 7th. All grew fairly rapidly.
4100 16 25 2 appeared 4th wk., 2 5th. All grew 3 2
slowly.
IV Controls 16 100 13 appeared 1st wk., 3 2nd. All grew
.______ _____ rapidly.
2800 14 79 6 appeared 1st wk., 3 2nd, 2 3rd. All 1
grew fairly rapidly.
3500 16 69 2 appeared 1st wk., 1 2nd, 2 3rd, 3 2-4
4th, 1 each in the 5th, 6th, and 7th
wks. All grew slowly.
V Controls 20 100 17 appeared 1st wk., 3 2nd. All grew
rapidly.
1650 16 100 13 appeared 1st wk., 3 2nd. All grew
rapidly.
3000 14 100 12 appeared 1st wk., 1 3rd, 1 4th. All 1
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TABLE OF RESULTS-Continued
No. Ws.
Exp. r ofIm- %o behind
No. Units plants "Takes" Remarks Controls
3350 18 78 3 appeared 1st wk., 4 2nd, 6 3rd, 1 2
4th. All grew fairly rapidly.
VI Controls 14 100 All appeared 1st wk., and grew rapidly.
2500 20 95 1 appeared 1st wk., 10 2nd, 7 3rd, 1 15/2
6th. All grew rapidly.
3400 18 61 2 appeared 2nd wk., 7 3rd, 1 4th, 1 2
7th. All grew fairly rapidly.
3600 20 30 2 appeared 3rd wk., 4 4th. All grew 3
rather slowly.
VII Controls 20 90 14 appeared 1st wk., 4 2nd. All grew
rapidly. Infection and slough fol-
lowed one of the implants that did
not result in a successful "take."
2300 20 95 12 appeared lst wk., 5 2nd, 1 3rd, 1 1
4th. All grew fairly rapidly. -
3100 18 72 5 appeared 1st wk., 1 2nd, 5 3rd, 1 2
4th, 1 5th. All grew fairly rapidly.
3500 20 75 5 appeared 3rd wk., 4 4th, 3 5th, 2 25/2
6th, 1 7th. All grew fairly rapidly.
3900 20 35 3 appeared 3rd wk., I 5th, 1 6th, 2 4
8th. All grew fairly slowly.
VIII Controls 18 94 15 appeared 1st wk., 3 2nd. All grew
rapidly. Infection and slough fol-
lowed the implant that did not re-
stlt in a successful "take."
2500 16 81 4 appeared 1st wk., 3 2nd, 5 3rd, I 1X/
4th. All grew fairly rapidly.
3000 18 67 1 appeared 1st wk., 5 3rd, 4 4th, 2 25/2
5th. All grew fairly rapidly.
3300 20 45 2 appeared 1st wk., 1 3rd, 2 4th, 2 35/2
5th, 2 6th. All grew rather slowly.
3700 18 5.6 Appeared 3rd wk. and grew rapidly. ?2RADIATION OF MAMMARY CARCINOMA OF MICE
TABLE OF RESULTS-COnCIUded
No. Wks.
Exp. r of lm- %o behind
No. Units plants "Takes" Remarks Controls
4000 20 10 1 appeared 2nd wk., 1 4th. Both grew 3
fairly rapidly.
IX Controls 4 100 All appeared 1st wk. and grew fairly
rapidly.
3600 24 46 5 appeared 3rd wk., 4 4th, 1 5th, 1 3
6th. All grew fairly rapidly.
4400 18 0
X Controls 6 100 5 appeared 1st wk., 1 4th. All grew
fairly rapidly.
3600 8 75 3 appeared 3rd wk., 3 4th. All grew 3
slowly. _
4500 16 0
thepercentage ofpositive results with from ten to twenty-four tumor
particles irradiated with the corresponding number of roentgens.
No tumor grew after receiving adose of 4400 or more roentgens.
Although further work will be necessary to establish the exact lethal
dose for this tumor, it is obviously at variance with the lethal dosage
of four erythema doses that Wood and Prime11 found for their
mouse mammary Adenocarcinoma 63. They found their tumor to
be more radiosensitive than is Sarcoma 180, whereas ours is much less
radiosensitive than is that tumor on which a great deal of well-con-
firmed work has been done and recorded in terms of the standard
roentgen.2,4' 6.7 We must conclude that this induced carcinoma is a
relativelyradioresistant tumor.
In the case of every dosage of x-ray employed in these experi-
ments, even 1650 roentgens, the smallest, which is but slightly more
than one-third of the lethal dose, retardation of the rate of growth
of the tumor was noted. This retardation, for the most part,
took the form rather of delayed appearance than of slowed but
progressive growth. In general, once the tumor had appeared it
grew at a rate paralleling that of the controls. In rare instances the
irradiated particles grew slowly, but with no constant observable
relationship to any other variable. However, the length of the
delay in appearance of the irradiated tumors as compared to the con-
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trols, increased directly with and was roughly proportional to the
x-ray dosage. The final column in the table gives a rough estimate
of the time after the controls at which the majority of the tumors of
that particular group first became palpable. Figure 3 represents
the charts of Experiments 1 and 2, which are typical of all experi-
ments. It shows a representative selection of dosages and demon-
strates the delayed appearance and subsequent normal or near normal
rate ofgrowth of the irradiated implants.
Thirty-eight non-irradiated weighed implants of this tumor were
made, half of the implants averaging between 3 and 4 milligrams,
the other half between 8 and 12 milligrams. Similarly, in experi-
ments likewise not included in the above table, 19 tumor particles
weighing from 6 to 8 milligrams and 19 weighing approximately
twice as much, were irradiated with approximately 3600 roent-
gens and implanted in the axillae of 19 mice. Also 12 particles
of each of these sizes were irradiated with approximately 3500
roentgens and similarly implanted in 12 other mice. In none
of these experiments could the size of the implants be observed to
have any effect on the subsequent results with regard to percentage
of "takes," size, or rate of growth of tumors, and practically the
same percentage of tumors of approximately equal size grew in each
group irradiated with the same dose, and in practically the same
length of time. Though the data we have obtained on this point
are limited, we feel the conclusion justified that variation in the size
of the implants within the limits mentioned is a negligible factor.
Summary and Conclusions
1. A theelin-induced mouse mammary adenocarcinoma was
irradiated in vitro with different doses of filtered 200 kv. x-rays and
the lethal dose determined to be approximately 4500 roentgens;
50 per cent "takes" occur around 3500 roentgens.
2. With sublethal doses of x-ray greater than one-third of the
lethal dose there is a delay in the appearance of the tumor propor-
tional to the amount of radiation that it received.
3. Within certain limits, variation in the size of the tumor
implants does not influence the percentage of "takes," the time of
appearance, or the rate of growth of palpable tumors.
4. The behavior of this particular tumor under control con-
ditions as well as after irradiation has been investigated and found
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to be reasonably predictable and, therefore, the tumor seems partic-
ularly suitable for comparing various qualities of radiation.
S. The uniformity of growth and reaction to irradiation of this
tumor suggests that experimental radiologists should,become inter-
ested in using, as test objects, tumors which grow uniformly in
genetically uniform animals.
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FIG. 1. Photomicrograph of the theelin-induced mouse mammary adenocarci-
noma used in these experiments.
FIG. 2. Survival curve of theelin-induced carcinoma after subjection to different
doses of x-ray. Each point on the curve represents the percentage of positive
"takes" in a group of 10 to 24 implants exposed to the corresponding dose of x-ray.
FIG. 3. Photograph of the charts of Experiments I and 2, demonstrating the
delayed appearance and subsequent normal rate of growth of the irradiated implants.'In
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